The complexity of the survey requires an analyst to be familiar with a range of design features during the analysis, both to determine appropriate analytic methods and to investigate the impact that the design may have on estimation and inference.
In this paper we discuss the impact that imputation to compensate for missing data can have on survey estimates.
The focus is on the effect on means, sampling errors for those means, and relationships between variables not controlled in the imputation process. The highest rates of nonresponse and imputation occurred for the important charge items on the various medical event records associatedwith each respondent.
Total charges for medical visits, hospital stays, and prescribed medicine and other medical expenses records were missing for 25.9, 36.3, and 19.4 percent of the events reported, respectively. I Among the source of payment data, missing data rates for the source of payment item were small, but for the amount paid by the first source of payment item, the rate was generally higher.
The methods used to impute data for missing values were diverse and tailored to the variable requiring imputation (Cox, 1982) . Three types of imputation predominated: logical, sequential hot deck, and weighted hot deck imputation procedures. The logical imputations were used to eliminate missing data that could be determined readily from other data items that provided overlapping information.
The sequential hot deck was used primarily for small numbers of imputations for the demographic items, while the weighted sequential hot deck was used more extensively for the remaining item imputations.
The logical imputation was used in instances where the choice of a plausible value could be made from other available data.
For example, race was not recorded during the survey for children under 14 years of age. Instead, a logical imputation was made during the processing of the IAII estimates in this paper include attrition imputation whether or not the imputed records had real or imputed data. Attrition imputation rates were quite small for all record types (usually less than one percent of records of a given type were imputed in the attrition imputation process). Removing attrition imputations from the analysis is not likely to change results. data that assigned the race of the head of the reporting unit to the child.
Similarly, extensive editing was performed for the charge data before any imputations were made. For example, if the first source of payment was available, only one source of payment was indicated, and total charge was missing, the value of the first source of payment amount was assigned to the total charge item.
In the sequential hot deck procedure, the data were grouped within imputation classes and then, within those classes, sorted by variables that were correlated with the item for which imputations were to be made. An initial value was assigned as a "cold deck" value, such as the mean of the nonmissing cases for the item within the imputation classes.
The first record in the imputation class was then examined.
If it was missing, the "cold deck" value replaced the missing data code; if real, the real value replaced the "cold deck" value as a "hot deck" value.
Then the next record was examined. Again, if missing, the "hot deck" value was used to replace missing data, and, if real, the "hot deck" value was replaced.
The process continued sequentially through the imputation classes.
The weighted hot deck was the most frequently used imputation procedure applied to the h~CUES. It was a modification of the sequential hot deck which uses the sampling weights assigned to each record to determine which real values were used to impute for a particular record which needed an imputation.
Records were again classed and sorted by measures expected to be correlated with items requiring imputations, and the procedure was applied to several items simultaneously to reduce the amount of processing required.
Imputations for the important charge items involved a combination of logical imputations or edits followed by the weighted hot deck procedure. For example, for medical visit total charges an extensive edit was performed to eliminate as many inconsistencies as possible between the source of payment data and total charge items. The medical visit records were then separated into three types: emergency room, hospital outpatient department, and doctor visits. Within each type, the records were classed and sorted by different variables prior to a weighted hot deck imputation. For instance, for doctor visits the records were classified by the reason for visit, the type of doctor seen, whether work was done by a physician, and the age of the individual.
Within the groups formed by these classing variables, the records were further sorted by type of insurance coverage and the month of visit.
The weighted hot deck procedure was used with the classed and sorted data file to impute simultaneously for missing values of total charge, sources of payment, and sources of payment amounts.
Since extensive imputations were made for missing values for a large number of the key items in the NMCUES, they can be expected to influence estimates made from the survey in several ways. Although the weighted hot deck is expected to preserve the means of the nonmissing observations when those means are for the total sample or classes within which imputations were made (see Cox, 1980 ), this will not bethe case for sampling variances.
Sampling variances can be substantially underestimated when imputed values from an imputation process are used in the estimation process (see Kalton and Kasprzyk, 1982) .
For example, sampling variances computed using all data, real as well as imputed, for a variable with one-quarter of its values imputed will be based on one-third more values than were actually collected in the survey for the given item. The variance would be underestimated by a factor of at least one-third (Kalton, 1982) . In addition, relationships between variables can be At the same time, the complex standard error for the weighted mean computed using only the real data is an incorrect estimate of the standard error of the mean based on all the data.
The actual sampling error of the weighted mean for all the data is probably larger than that shown for the mean estimated using all the data in Table 3 ; it may even be larger than the sampling error computed using only the real data.
Since it is not clear how to estimate the actual sampling error for the weighted mean estimated using all the data, an alternative estimation strategy was developed to provide a mean for which item nonresponse is compensated and sampling errors can be estimated.
Rather than using an imputation strategy, an adjustment to the sampling weights was used to compensate for missing data.
In particular, the imputation classes for hospital outpatient department charges were created.
Within each class, the sum of weights for recipients and for donors and the sum of the number of donations were made within imputation classes.
The sum of the weights for imputed records was then divided by the number of donations, and this average weight value was used to increase the weights of donors proportionate to the number of times they were reported as donors. The adjusted weights for donors within imputation classes will sum to the sum of weights for imputed values and donors combined.
Estimates of means using these adjusted weights for only the real data should be similar to means obtained from all the data.
In addition, sampling errors for this adjusted mean can be computed using the real data and the adjusted weights.
The estimated mean and its standard error under this adjusted weighting procedure is also shown in Table 3 . The mean is virtually identical to that obtained using all the data, and the standard error is quite close to that obtained from the real data using the unadjusted weights. The differences between sampling standard errors for the weighted mean using only the real data and for the mean using adjusted weights are due to the effects of increased variability of weights in the adjustment process.
As %ReWt denotes reweighting of real data within imputation subclasses groups computed using all the data and using only the real data.
For the real data, the mean charge per visit increases in a linear fashion as the family income increases. However, when all the data are used to estimate the mean charge per visit, the mean charge does not increase as rapidly with increasing family income.
The strong relationship between family income and mean charge per hospital outpatient department visit in the real data has been attenuated by the imputed values.
The reason for this attenuation is shown in Figure  2 . Sixteen imputation classes were formed for the imputation of total charges for hospital outpatient department visits. Figure 2 shows mean charge for real data for the total sample and the subgroup with family incomes less than $5,000 in 1980.
The low income group has lower mean charges than the total sample. Since family income was not one of the variables used to form imputation classes, low family income persons within an imputation class with missing hospital outpatient department visit total charges were the mean charge for this subgroup. Conversely, imputed a charge that was, on average, higher than for persons with family incomes of $35,000 or the mean charge for low income persons with real more, total hospital outpatient department visit data.
This occurs in almost every imputation charges for persons with real data tend to be class.
When the real and imputed data are larger than values imputed to persons with missing combined for persons with family incomes less than charges. The overall impact of the imputation $5,000, the effect of imputation is to increase process on the relationship between charges for hospital outpatient department visits and family substantially from those estimated using all the income is a regression toward the mean charge for data. Sampling errors may be estimated for the real data for low and high income subgroups, real data means, and relationships in the data will not be attenuated by the imputation process. Discussion However, estimated totals for items with substantial amounts of missing data will be severe The results
in Tables  2 and 3 and Figure 1 underestimates if only real data are used. demonstrate the effect that imputation can have on A final adaptive strategy may also be estimated means, on estimated sampling errors, and considered. Estimation of means and sampling on relationships between variables.
The analyst errors of means and the analysis of relationships of survey data which has imputations for important among survey variables may be done using only the survey items is faced with selecting a strategy real data. On the other hand, estimates of totals for handling imputation in estimation. The
